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ABSTRACT 



A cost-efficient digital CATV network to improve signal 
quality, provide reliability, and offer the ability to meet 
demands for interactive services is described. Analog or 
digital video downstream channels are converted to a digital 
format by a digital headend transmitter. Relatively costly 
error-encoding for digital video channels is also part of the 
digital headend transmitter. Downstream analog and digital 
video channels in the digital format are transmitted using 
time-division multiplex technology from a headend to nodes 
using standard network protocols, such as SONET. Standard 
network protocols provide error-monitoring and status indi- 
cation of transmit data, thus ensuring high signal quality and 
reliability. Time-division multiplexing facilitates easy add- 
ing or dropping of information to a transmit path. Flexibility 
to add or drop information is critical in providing interactive 
services. Data from interactive services can be added or 
dropped at points of presence throughout the digital CATV, 
network. Subscribers to the digital CATV network can 
communicate with each other. A digital node transmitter 
receives the analog or digital video channels in digital 
format and converts the analog or digital video channels into 
an analog format The digital node transmitter also 
frequency-division multiplexes multiple analog or digital 
video channels into one analog broadband signal for broad- 
cast to subscribers' homes. 

4 Claims, 15 Drawing Sheets 
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METHOD AND APPARATUS FOR A using coaxial cables. The mini fiber nodes function similarly 

DIGITIZED CATV NETWORK FOR to the nodes in the HFC system. However, each node 

BUNDLED SERVICES typically services a heavier load (e.g., 500 to 2000 

subscribers) in comparison to each mini fiber node (e.g., 50 

RELATED APPLICATION 5 to 80 subscribers). The MFPC system is an improvement 

_ , . .. over the HFC system. The MFPC system uses shorter 

TT>e present appkcaUon clam* priority to co-pendmg ^ to from ^ fiber to ^ 

prov^onal appbcaUor > enUtled^raOD^ APP/^A- subscribcr ^ ^ fa increascd bamJ . 

A DIGITIZED CATV NETWORK FOR ^ ■ ^ ^rs in the coaxial cable transmission 

BUNDLED SERVICES, application Serial No. 60-181-133, ,« ,. • , f n u a i- j* u u 

ex a . o ™™ i_ • t . • - . _ ' 10 path are eliminated. Power can be delivered to subscriber 

filed Feb. 8, 2000. which is hereby incorporated by refer- . . - . * , , 

* ' equipment via the coaxial cables. 



ence. 



The present CATV network, using either the HFC or the 
BACKGROUND OF THE INVENTION MFPC system, is an open-loop system. The broadcast sig- 

nals in an analog format are sent from the headend to the 

1. Field of the Invention is nodes, which in turn send the signals to the subscribers. The* 
This invention relates generally to digital signal process- quality of the signal is not known until it reaches the 

ihg and digital networks, and more specifically to distribu- subscriber. Errors caused by distortion, noise, or faulty 
tion of signals over a digital cable television network. equipment are not automatically monitored. The current 

2. Description of the Related Art CATV network is 95% reliable. However, interactive ser- 
ine is a growing demand for a cable television (CATV) 20 vices rec l uire 99 ' 9% ^liability. 

network to support a wide variety of services: analog video, SUMMARY OF THE INVENTION 

digital video, interactive video, high-speed data access, 

telephony, and telemetry. Bundled services, supplying mul- The present invention solves these and other problems by 

tiple services simultaneously, are desired. In order to meet ^ providing a cost-effective and flexible digital CATV network 
the demand, the CATV network must be able to offer high wherein a headend transmitter receives signals and produces 
signal quality over long distances, offer flexibility in adding a digital signal in a digital format and a node transmitter 
or dropping services, provide network reliability, and pro- receives the digital signal in the digital format and produces 
vide cost efficiency. an output in an analog format. In the existing CATV 

Presently, information gathering equipment resides in a 30 networks, signals are transmitted in the analog format, 
headend. Equipment used to process the gathered informa- In the digital CATV network, video signals are in a digital 
tion and configure the information for reception by subscrib- format for transmission from a headend to nodes in a cable 
ers also resides in the headend. In a typical CATV network, distribution system. The nodes convert the digital data to an 
information from various sources, including satellite or analog format for distribution to subscribers. Subscribers 

video feed, is received at the headend for broadcast in the 3S include homes, schools, businesses, and government agen- 
CATV network. The information received may be legacy cies. In this application, the term home is synonymous with 
analog video channels operating at an Intermediate Fre- the term subscriber. The digital CATV network drastically 
quency (IF) or digitally encoded video channels (e.g., Mov- improves signal quality as transmission of digital signals do 
ing Picture Experts Group (MPEG) data). CATV broadcast not require a highly linear network. Digital signals can 

signals are transmitted from the headend to subscribers in an ^ tolerate higher noise levels than analog signals. The quality 
analog format over a designated frequency bandwidth. A of digital signals can be sufliciently maintained in transmis- 
transmitter at the headend frequency-division multiplexes sion through thousands of kilometers of fiber optic cable by 
the video channels before broadcasting to multiple nodes. spacing repeaters or optical amplifiers in the transmission 
Each analog video channel is modulated onto its designated path (e.g., every 100 kilometers) to relay the digital signals, 

radio frequency carrier. The digital bitstream of each digital 45 i n one embodiment, a digital transmitter at a headend 
video channel is error-encoded, modulated, and converted to digitizes each analog video channel and frames the digital 
an analog signal before modulation onto its designated radio data into a Synchronous Optical NETwork (SONET) Optical 
frequency carrier. Carrier level 3c (OC-3c) bitstream. The electrical equivalent 

The analog nature of the broadcast signal limits the of OC-N is Synchronous Transport Signal level N (STS-N). 

transmission distance from the headend to the nodes being 50 In this application, the terms OC and STS are used inter- 
served. The CATV network is typically a Hybrid-Fiber-Coax changeably. OC-3c is sufficient to transmit a 6 MHz analog 
(HFC) system. The broadcast signal is often transmitted video channel with a reasonable signal-to-noise ratio. The 
from the headend to the nodes using fiber optic cables. The digital headend transmitter also provides error-encoding to 
broadcast signal is transmitted from the node to subscribers each digital video channel and frames the error-encoded 

using coaxial cables. The quality of the analog signal can be 55 digital video channels in groups of three into a SONET 
sufliciently maintained in the range of 65 kilometers of liber OC-3 bitstream. High quality digital video can be transmit- 
optic cable. Inherent non-linear characteristics, transmission ted at an OC-1 bit-rate. N digital video channels can be 
of multiple channels simultaneously, and noise generated framed into an OC-N bit-rate. SONET bitstreams from M 
throughout the CATV network significantly degrade the analog video channels and groups of digital video channels 

analog signal beyond the 65 kilometers range limit. 50 are time-division multiplexed and sent at M times the OC-3 

An alternate architecture for the CATV network is a bit-rate through fiber optic cables from the headend to the 
Multiplexed Fiber Passive Coax (MFPC) system. In the nodes. In a MFPC system, the data is first broadcast from the' 
MFPC system, the broadcast signal is first transmitted from headend to the mux fiber nodes which further broadcast the 
the headend to mux fiber nodes. The broadcast signal is then data to the mini fiber nodes. The mux-fiber nodes do not 

transmitted from the mux fiber nodes to mini fiber nodes. 65 change the format of the data. 

Both transmissions use fiber optic cables. The broadcast The SONET bitstreams are demultiplexed at the nodes 

signal is transmitted from the mini fiber nodes to subscribers back to the OC-3 bit-rate and deframed to recover the digital 
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data. Digital data corresponding to analog video channels is FIG. IB is a detailed diagram of the CATV network 

converted back to an analog format. Digital data correspond- illustrated in FIG. 1A. 

ing to digital video channels is digitally modulated and FI g. 2 is a graph showing spectral locations that different 

converted to an analog format. Channels in their analog services occ m a broadbanci signal delivered by a CATV 

format are frequency-division multiplexed by modulation 5 network l0 subscribers' homes. 

onto designated radio frequency earners and distributed m^. <w L A j . c 

through coaxial cables to homes F } G ' ? ™ 3A . and 3B > » a bl ° ck of ™ 

T c r . 4 , 4 . . analog headend transmitter, mcluding frequency domain 

Information for interactive services, such as telephony or * *• c c * • * \ 

4 < y , 4 . . - \ 7. J representation of waveforms at various points. 

the Internet, originates from many locations and is not 

consistently transmitted over time. Telephone calls are typi- 10 FIG ' 4 15 a block dia S ram of a dl S llal headend transmitter v 

cally short in duration, averaging about 3 minutes. Internet FIG - 5A is a block diagram of one embodiment of a 

traffic duration averages over 30 minutes. Therefore, the digitizer in the digital headend transmitter shown in FIG. 4, 

ability to add or drop channels easily is advantageous. The including frequency domain representation of waveforms at 

digital CATV network time-division multiplexes channels various points. 

for transmission from the headend to the nodes. Time 15 FIG. 5B is a block diagram of an alternate embodiment of 

Division Multiplexing (TDM) allows for multiple locations a digitizer in the digital headend transmitter shown in FIG. 

from the headend to the nodes where channels can be easily 4, including frequency domain representation of waveforms 

added or dropped as the need arises. Telephony and Internet at various points. 

services are already built on the characteristics and perfor- FIG. 6 is a block diagram of a formatter in the digital 

mance of TDM technology. 20 headend transmitter shown in FIG. 4. 

Interactive services make the CATV network increasingly FIG. 7 is a block diagram of a digital node transmitter, 

more symmetric, with as much information traveling p IG 8 ^ a block diagram of a deformatter in the digital 

upstream as downstream. Downstream refers to data that DO£ j e transmitter shown in FIG 7 

flows from the CATV network to the homes and upsKeam FIG. 9 (shown as 9A and 9B)' is a block diagram of a 

refers to data that flows from the homes to he CATV 25 in (he ^ node transmitter shown ? FIG . 7 

network to one embodiment, bandwidth for upstream data & domain entation of waveforms at 

is allocated between 5 MHz and 45 MHz as well as between • nnints 

900 MHz and 1 GHz. Each headend serves 10,000 to ™ *™. L J J . ^ ¥ 

300,000 or more homes. Each node serves a subset of the A FIG ^ » J? 7 ethod t0 dlstrib * te Intemet P rotoc ^ 

homes served by the headend. It is advantageous to be able 30 dala m the CAFV DetWork - 

to add or drop data at each node so that fewer homes share FIG. 11 fllustrates a method to add or drop information in 

the allocated bandwidth for upstream data. a di S ital format. 

Alocation where data can be added or dropped is referred In me figures, the first digit of any three-digit number 

to as a "Point of Presence" (POP). A POP links external data generally indicates the number of the figure in which the 

networks, including the Internet, cellular network, Public 35 element first appears. Where four-digit reference numbers 

Switched Telephone Network (PSTN), and satellite network, are uscd > tne first two generally indicate the figure 

to the digital CATV network. Information from the external number. 

data networks passes to the digital CATV network at the DETAILED DESCRIPTION 
POP. Additionally, information from the digital CATV net- 
work can pass to the external data networks at the POP. For 40 The present invention involves the conversion of analog 
example, the headend or the node can serve as a POP. Abank vide ° channels, digital video channels and digital data into 
of modems can be incorporated in each POP to interface a digital format for transmission via fiber optic cables to 
between the external data networks and the homes. The bank Dodcs in a digital CATV network. The analog video 
of modems can also pass information between the homes channels, digital video channels and digital data in the 
serviced by the digital CATV network. Other locations in the 45 digital format are converted to an analog broadband signal 
digital CATV network, such as the mux fiber node in the at tne nodes for broadcast via coaxial cables to homes. 
MFPC system, can also serve as a POP. Multiple POPs A digital CATV network system is illustrated in FIG. 1 A. 
between the headend and the nodes provide the flexibility to Information from various sources, such as signals received 
add or drop data that is common to multiple nodes. by a satellite dish 103 from a satellite 102 and signals from 

A closed-loop digital CATV network increases the reli- 50 a video feed 104, are received at a headend 106. The 
ability of the network due to feedback. Digital format headend 106 prepares the received information for trans- 
includes extra bits, such as parity bits, to detect defects, mission to homes 131 (shown as 131A, 13 1J and 131 N) 
errors, or failures in transmission. Remote indications con- through a cable distribution system 125. Fiber optic cables 
trol action in network protocols and bad packets can be 128 arc typically used in transmission paths between the 
resent without interruption. 55 headend 106 and the cable distribution system 125. Coaxial 

A digital CATV network is cost-efficient. Costly cablcs 132 ( showQ as 132A > 1321 and mN > arc tyP^ally 

processing, such as Forward Error Correction (FEC) of used m transmission paths between the cable distribution 

digital video channels, is performed at a headend, s y stcm 125 ™ d respective homes 131. POPs 118, 120, 122 

Standardized, thus economical, digital network equipment is connect cxtemal data networks 114 to the headend 106 and 

used throughout the network by framing digital data into 60 vanous locations in the cable distribution system 125. The 

standardized bit-rates, such as OC-3, OC-12, OC48, or external data networks 114 can include, for example, the 

OC-192. The ability to add or drop channels at nodes Internet, a PSTN, a cellular network and a satellite network, 

increases the effective upstream bandwidth without install- ^ dl & ital CArV network s y stem 15 ca P able of Proving 

ing more fiber optic cables from the headend to the nodes. services simultaneously to, for example, a television 136, a 

65 telephone 140, and a computer 144 inside the home 131A. 

BRIEF DESCRIPTION OF THE DRAWINGS FIG . 1B b a detailed b]ock of ^ CAXV network 

FIG. 1A is an illustration of a CATV network. system illustrated in FIG. LA. In the headend 106, signals 
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from the satellite 102 and the video feed 104 are received by services, can share the same cables and equipment in this 

receivers 108, 109. Analog signals from each receiver 108, digital CATV network. 

109 are provided to an anabg multiplexer 110. Digital Information received at the headend 106 for transmission 

signals from each receiver 108, 109 are provided to a digital in the cable distribution system 125 can be in either analog 

multiplexer 111. The multiplexed analog and digital signals 5 or digital format For example, analog video channels are 

are provided to a digital headend transceiver 112. The digital typically received in 6 MHz wide analog bands modulated 

headend transceiver 112 includes a digital headend trans- onto an IF carrier, and digital video channels are typically 

mitter 113 and a digital headend receiver 115. Information at received as 8-bit MPEG data. The digital headend transmit- 

the headend 106 is transmitted from the digital headend » headend 106 converts the analog and digital 

transmitter 113 to the cable distribution system 125 via N 10 v [ deo ? h * nnc]s * * digital format and combines the 

fiber optic cables shown as fiber optic cables 128A-128N "™8 ™ M technology for transmisaon to the 

✓ 11 i *u cu Li i 10 \ t f * • hubsl24 via the fiberoptic cables 128. The fiber optic cables 

(collectively the fiber optic cables 128). Information is , 4 r , Ci . . , ^. r ™ . . 

v . , r .i. .j « • , . • ' , A , 128 can be up to thousands of kilometers m length. The hubs 

received from the cable distribution system 125 by the , , # . .< . , ° , , . 

j. . 4 , . ■, . • n * • *i_ £i_ li ^^o 124 further transmit the video channels encoded in the 

digital headend receiver 115 via the fiber optic cables 128. . . - .... . • c . *™ 

^ r digital format to the nodes 126 via the fiber optic cables 130. 

■ l ? ° n ° e " b ° dimem > ,he , sy f m . 12 , S 15 The digital node transmitter 127 in each node 126 con- 
includes N hubs shown as hubs 124A-124N (coHectively verts ^ ^ channels enco(Jed m ^ format back 

the hubs 124) The hubs 124 communicate with the headend to tbeif t ive anaI md d%ital fonnat xhe 

106 via the fiber optic cables 128. Each hub 124 comma- node binsmille[ 127 modu i ates the video channels 

n.cates with N nodes shown as nodes 126A-126N on(0 desi ated radio frequency carriers ^ f reque „cy- 

(collectively the nodes 126) via N fiber optic cables shown * division 

multiplexes the channels into a broadband signal for 

as fiber optic cables 130A-130N (collectively the fiber optic ^^0,, , 0 the homes 131 via the maitl cables 132. In 

cables 130). The nodes 126 commumcate with N homes ^ a licati the locations where information goes 

shown as homes 131A-131N (collectively - the homes 131) trough flna) process i n g be f 0 re being transmitted to the 

via N coaxial cables shown as coaxial cables 132A-132N bomes m afe call , he nodes nf) , n , he CArv ^ 

(collectively the coaxial cables 132). Each node 126 ,s as MmctionBbetWBen ^ nodes U6 ^ tbe homes 131 are 

connected to muluple homes 131. Each home m » con- called , he . <las , mile „ ^ icall ^ ]ast mile ^ coaxia j 

nected to one node 126. For example, the home , IMA is ^ m an(J ^ , e homes m can be kd t0 Qne 

connected to the node 126A via the coaxial cable 132 A, the caWe 132 Ho , he , mven £ on cjm be . 

home 131J is connected to the node 126B via the coaxial utUized ^ ^ ^ use fibfir jc cabl CQaxial cables 

cable 132J and the home BIN ,s connected to the node 30 ^ & of ^ for ^ t^^^. 

12 6N via the coaxial cable 132N. „. ., , . A _ , r A . t , , 

Since video channels are transmitted from the headend 

A digital node transceiver 146 process signals in each 106 t0 the nodes u6 m the format TOM 

node 126. The digital node transceiver 146 includes a digital technology, channels can be easily added or dropped 

node transmitter 127 and a digital node receiver 129. The between the headend 106 the nodes 126 . ^ headend 

digital node transmitter 127 transmits information to the 106 many homes 131 (e g $ 50 000 to 300) 000) and 

homes 131 while the digital node receiver 129 receives each hub 124 serves a subset of those homes 131 (e.g., 5,000 

information from the homes 131. Information from the or less ^ 50j00 o or more). The flexibility to add or drop 

external data networks 114 can also be added at the various channels at the hubs 124 allow television programming to be 

POPs 118, 120, 122 for transmission in the cable distribution ^ customized for smaller regions. Furthermore, the ability to 

system 125. add or dro p channels a t the nodes 126 makes narrowcasting" 

In another embodiment, one or more of the hubs 124 are possible. Narrowcasting customizes television programming 
not directly connected to the headend 106 via the fiber optic for small groups. The nodes 126 serve fewer homes 131 than 
cables 128. Instead, one or more of the hubs 124 are the headend 106. Through narrowcasting, television pro- 
daisy-chained to another hub 124 which has a direct con- 45 gramming can be tailored for each neighborhood, 
nection to the headend 106. Alternatively, the hubs 124 can Information in a digital format from other sources can be 
be connected in a ring configuration with a subset of the easily added to a video downstream. In one embodiment, 
hubs 124 directly connected to the headend 106. Similarly, information from the external data networks 114 can be 
the nodes 126 can be connected in a ring configuration or added or dropped at the various POPs 118, 120, 122 in the 
daisy-chained with a subset of the nodes 126 directly 5Q aigital CATV network. The various POPs 118, 120, 122 
connected to the hubs 124. include the headend 106, the hubs 124, and the nodes 126. 

In an alternate embodiment, the cable distribution system FIGS, 10 and 11, discussed later in this application, illustrate 

125 does not include the hubs 124. The headend 106 methods to combine information from various sources, 

communicates with the nodes 126 via the fiber optic cables FIG. 2 is a graph showing spectral locations that different 

130. Each node 126 in the embodiment without the hubs 124 55 services can occupy in a broadband signal delivered by the 

typically services more homes 131 than each node 126 in the CATV network to the homes 131. In one embodiment, 

embodiment with the hubs 124. For convenience, subse- upstream data occupies a first frequency band 202 (e.g., 

quent discussions in this application assume the cable dis- between 5 MHz and 45 MHz). Downstream analog video 

tribution system 125 includes the hubs 124. channels occupy a second frequency band 204 (e.g., 

Inside the homes 131, various interfaces interpret the 60 between 50 MHz and 550 MHz). Downstream digital video 

broadband signal for processing by the intended equipment. channels occupy a third frequency band 206 (e.g., between 

For example, a set top box 134 receives the video channels 550 MHz and 750 MHz). Downstream Internet Protocol (IP) 

for display on the television set 136, an adapter 138 receives data occupies a fourth frequency band 208 (e.g., between 

telephony data and adapts the signal from the coaxial cable 800 MHz and 900 MHz). Upstream IP data occupies a fifth* 

132A to a twisted-pair telephone line 148, and a cable 65 frequency band 210 (e.g., between 900 MHz and 1 GHz), 

modem 142 receives computer network data for the com- Upstream information flows from the homes 131 to the 

puter 144. A variety of services, including interactive cable distribution system 125. Downstream information 
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flows from the cable distribution system 125 to the homes 
131. Downstream analog video channels and downstream 
digital video channels occupy the second frequency band 
204 and the third frequency band 206. In one embodiment, 
the second frequency band 204 and the third frequency band 
206 take up 70% of a 1 GHz broadband signal. Interactive 
services, including telephony and high-speed data access, 
occupy the first frequency band 202, the fourth frequency 
band 208, and the fifth frequency band 210. Interactive 
services take up less than 30% of the 1 GHz broadband 
signal. 

As demand grows for interactive services, a CATV net- 
work quickly runs out of bandwidth if too many homes 131 
share the same frequency bands in a broadband signal. 
Therefore, it is advantageous to establish a digital CATV 
network where the 1 GHz broadband signal is assembled at 
the nodes 126 which serve a relatively small group of homes 
131. The home 131A tied to the first node 126A does not 
have to share the available bandwidth with the home 131J 
tied to the second node 126B. For example, interactive 
services are simultaneously delivered to the first home 131 
A tied to the first node 126Aand the second home 131J tied 
to the second node 12 6B. By the nature of interactive 
services, the data packets going to and from the first home 
13 1A are distinct from the data packets going to and from 
the second home 131J. The data packets flow through the 
cable distribution system 125 using TDM technology. The 
data packets are modulated onto designated frequency car- 
riers at the nodes 126 and become part of the broadband 
signal that is transmitted from the nodes 126 to the homes 
131. The data packet destined for the first home 131 A 
occupies a frequency carrier in a first broadband signal being 
broadcast from the first node 12 6A. The data packet destined 
for the second home 131J can occupy the same frequency 
carrier in a second broadband signal being broadcast from 
the second node 126B. The first broadband signal is not 
received by the home 1311 tied to the second node 126B, and 
the second broadband signal is not received by the home 
13 1A tied to the first node 126A. To conserve bandwidth, the 
data packet destined for the second home 131J does not 
unnecessarily occupy any bandwidth in the first broadband 
signal, and the data packet destined for the first home 131 A 
does not unnecessarily occupy any bandwidth in the second 
broadband signal. 

FIG. 3 (shown as 3 A and 3B) is a block diagram of one 
embodiment of an analog headend transmitter 320. Analog 
video channels A,(t) and partially-processed digital video 
channels D t -(t) are processed by N respective upconverters 
shown as upconverters 302A-302N (collectively the upcon- 
verters 302), followed by N respective Band Pass Filters 
(BPFs) shown as BFPs 304A-304N (collectively the BFPs 
304). Each digital video channel D ( {nT] is processed by a 
FEC encoder 312, a digital modulator 316, and a Digital - 
to- Analog-Converter (DAC) 318 prior to processing by the 
respective upconverter 302 and the respective BPF 304. 
Multiple analog video channels and digital video channels 
are frequency-division multiplexed in a combiner 306 after 
the above signal processing. The frequency-division multi- 
plexed electrical signal S(oa) passes through an electrical- 
to-optical converter 308 for transmission via the fiber optic 
cables 128. 

In the analog headend transmitter 320, analog video 
channels A,(t) are received at the headend 106 as IF signals. 
The analog video channels are modulated onto respective 
designated radio frequency carriers after passing through the 
respective upconverters 302 and the respective BPFs 304. 
Digital video channels D£nT] are received at the headend 



106 in digital bits. Each digital video channel goes through 
extra processing. The digital bits pass through the FEC 
encoder 312 to reduce the probability of errors in the 
transmission. The digital bits are then provided to the digital 

5 modulator 316 and the DAC 318. The output D t {t) of the 
DAC 318 is an analog equivalent of the digital video 
channel. The DAC outputs are modulated onto respective 
designated radio frequency carriers after passing through the 
respective upconverters 302 and the respective BPFs 304. 

10 The analog and digital video channels are frequency- 
division multiplexed in the combiner 306 into a broadband 
signal S(co). The broadband signal S(w) is converted to an 
optical signal by the electrical-to-optical converter 308. The 
optical signal is transmitted from the headend 106 via the 

15 fiber optic cables 128. Frequency Division Multiplexing 
(FDM) does not always facilitate easy adding or dropping of 
channels. The adding or dropping process can be costly. 
Thus, in one embodiment, channels are only added or 
dropped at the headend 106. 

2Q The present invention uses the digital headend transmitter 
113 shown in FIG. IB. A block diagram of one embodiment 
of the digital headend transmitter 113 is shown in FIG. 4. 
Analog video channels A,-(t) are provided to a digitizer 402. 
The digital bits Z,{0:bl] at the output of the digitizer 402 are 

25 provided to a framer 404. N groups of digital video channels 
D,{nT] are provided to N respective formatters shown as 
formatters 408A-408N (collectively the formatters 408). 
The digital outputs I£0:b3] of the framer 404 and the digital 
outputs G,{0:b3] of the formatters 408 are combined in a 

30 multiplexer 406. The combined digital signal C[0:b3] is 
converted from a parallel representation to a serial repre- 
sentation in a serializer 410. The serial digital signal at the 
output of the serializer 410 passes through an electrical- to- 
optical converter 412 in preparation for transmission via the 

35 fiber optic cables 128, 

Analog video channels A/t) are individually sampled and 
decimated in the digitizer 402. The digital bits Z,{0:bl] of 
each analog video channel are arranged in a digital format in 
the framer 404. In one embodiment, SONET is used as the 

40 digital format. SONET is a standard for optical telecommu- 
nications transport. The standard allows equipment from 
different suppliers to be used in a fiber system. However, 
other standards (e.g., Asynchronous Transfer Mode or Fiber 
Channel (FQ) can be used in conjunction with SONET. 

45 SONET format advantageously requires a relatively small 
amount of additional bits to be added to raw data. SONET 
overhead is approximately 3% of the raw data. In another 
embodiment, SONET data can be segmented and incorpo- 
rated into system using FC protocol by adding FC frames 

50 around SONET data. 

In one embodiment, the bandwidth of each analog video 
channel A^t) is 6 MHz wide, and the bit-rate of the corre- 
sponding digital representation Z£0:bl] at the output of the 
digitizer 402 is 129.6 Mega-Bits-Per-Second (Mbps). Each 

55 digitized analog video channel cannot fit directly into a 
single 52 Mbps OC-1 payload. Therefore, the digital bits 
Z£0:bl] are framed into an OC-3c payload which is a 155.52 
Mbps bitstream. The "c" appended to "OC-3" signifies that 
envelope capacities from three OC-ls have been concaU 

60 enated to transport one signal. 

In one embodiment, the digital video channels D ( {nT] are 
introduced to the digital headend transmitter 113 in the form 
of digital bits, such as 8-bit MPEG data. Groups of digital 
video channels are provided to the respective formatters 408. 

65 The formatters 408 provide error-encoding (e.g., FEC) for 
each individual digital video channel. Then the formatters 
408 frame respective groups of digital video channels into a 
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digital format. Each digital video channel can be framed Spectral images of a signal repeat at fznFs after sampling, 
individually into an OC-1 bit-rate or N digital video chan- where f is the frequency of the signal being sampled, and n 
nels can be framed together into an OC-N bit-rate. The is a positive integer. The digital baseband signal Y ( {nT] at 
formatters 408 can process digital data from the external the output of the digital mixer 508 is provided to the 
data networks 114 in a similarly manner as digital video 5 anti-aliasing digital filter 510 followed by the sample rate 
channels. Digital data is also error-encoded and framed compressor 512. The anti-aliasing digital filter 510 is con- 
before it is added to other data in the downstream flow. figured to suppress frequencies that can otherwise overlap 

tu a- •* tPATi/ +. j i_ • i a ft c r processing by the sample rate compressor 512. The 

The digital CATV network can be more economical using % A A - . i 

u- u , V uiu^vwu^iuame sample rate compressor 512 causes the repeating spectral 

a higher bit-rate. At the same tune, it is advantageous to ™.L rt ftk 0 ,» m «i^,- w u„ # n 7i °* 

c . ^ . . t , 4 . , fl -. -i .m images of the sampled signal to be spectrally closer together, 

frame at a low bit-rate to provide relatively more flexibility 10 ™ a . A r ,** . , . . A / j - - 

. 4LJ jjj. r. , r- . Th e degree of closeness is determined by a decimation 

in the dropping and adding of channels. For example, . Z. a i f , ■*■ • . -ru 

j X if*i * * j j j i_ 1 c -i'. . factor. The decimation factor is a positive integer. The 

increased flexibility to drop or add channels facilitates , . * A . * . ..» 

, J . ; ( " j!t .j " sample rate compressor 512 increases data throughput, thus 

narrowcasting. In one embodiment, three .chgital video chan- aU(Jwin mofe channels be simuUaneousl m 

nels are framed together mto an OC-3 bit-rate. Network me ca bl e attribution system 125 by transmitUng a subset of 

equipment for processing OC-3 bit-rate signals is widely 15 ^ ^ X ^ 

available and inexpensive due to -economy of scale Standard fe fate essor | 12 h £ an effective sampling 

r^oTSoSw freqUenCy that " l0Wer ^ the Sam P lin S Muency Fs of 

' ' the ADC by a factor equivalent to the decimation factor. 

Information is represented by eight-bit wide digital bytes Signals are typically over-sampled. Signal integrity is main- 

in a SONET format. In one embodiment, the digital outputs m taine d in the cable distribution system 125 so long as the 

I ( {0:7] of the framer 404 and the digital outputs G£0:7] of effective sampling frequency at the output of the sample rate 

the formatters 408 are in the SONET format using an OC-3 compressor 512 satisfies the Nyquist criterion. 

bit " rat ^x d^ 1 , 011 ^^ ^C 0 ^] and GI0:7] are combined In onc embodiment> a 6 MHz analog video channel is 

using TDM technobgy in the multiplexer 406 The com- sampled 5y a ten _ 5it DA C 506 using a sampling frequency 

bined digital signal C[0:7] is converted from an 8-bit parallel 25 Fs of ^ MHz A dccimation factor of two is uscd b the 

representaUontoasenalrepresentaUonmthesenalizer410. samplc rate compressor 512 to reduce the number of 

FIG. 5A is a block diagram of one embodiment of the samples by half. Every other sample is provided to the cable 

digitizer 402 used to digitize and decimate each analog distribution system 125. The effective sampling frequency of 

video channel A^t) in the digital headend transmitter 113. 3Q the transmitted signal is 12.96 MHz, half of Fs. The effective 

Each analog video channel A,<t) is provided to a downcon- sampling frequency, 12.96 MHz, is more than twice the 

verter 502 followed by a PF 504. The output W^t) of the analog video channel bandwidth, 6 MHz. Thus, the Nyquist 

BPF 504 is provided to an Analog-to-Digital Converter rate is satisfied, and the signal can be accurately transmitted 

(ADC) 506. The digital output XJnT] of the ADC 506 is using half of the samples. Using the sampling frequency of 

provided to a digital mixer 508. The output Y£nT] of the 35 25.92 MHz, the ten-bit DAC 506, and the decimation factor 

digital mixer 508 is provided to an anti-aliasing digital filter 0 f two, the bit throughput for each analog video channel is 

510 followed by a sample rate compressor 512. The output 129.6 Mbps from the output of the digitizer 402 (25.92 

Z£nT) of the sample rate compressor 512 is a digitized MHzxlO bits/2). 

version of the analog video channel Afi). FIG> 5B ^ a block diagram of an alteraatc embodiment 0 f 
. In one embodiment, an analog video channel A,<t) is a 6 ^ the digitizer 402 used to digitize and decimate each analog 
MHz wide IF signal. A spectral plot A l <co) 581 shows the video channel A,<t) in the digital headend transmitter 113. 
analog video channel occupying a bandwidth between 40 Each analog video channel A,<t) is provided directly to an 
MHz and 46 MHz. A,{t) is frequency shifted to a second IF ADC 514. The output of the ADC 514 is provided to a 
by the downconverter 502. The output V t <t) of the down- half-complex mixer 518. The half-complex mixer 518 pro- 
converter 502 is provided to the BPF 504 to remove 45 duces two outputs which are provided to respective anti- 
unwanted spectral images. It is more advantageous to down- aliasing digital filters 520A, 520B followed by respective" 
convert A,{t) to the second IF rather than to a baseband sample rate compressors 522A, 522B. The outputs from the 
frequency. Unwanted spectral images are spectrally further respective sample rate compressors 522A, 522B are pro- 
from the desired signal in downconversion to the second IF vided to an interleaver 524. 

Thus, performance requirements for the subsequent BPF 50 i n one embodiment, the analog video channel A,{t) is an 

504 are less stringent. IF signal lying in a 6 MHz band of 40 t0 46 MHz ^ 

In one embodiment, a ten-bit ADC 506 is used to digitize illustrated by a spectral plot 591. A ten-bit ADC 514 

the second IF signal W,<t) at the output of the BPF 504. Ten undersamples the IF signal such that no aliasing occurs. A 

bits typically provide an acceptable signal-to-noise ratio spectral plot 592 illustrates undersampling at 59.2 MHz. The 

(SNR) in the cable distribution system 125. Fewer bits cause 55 half-complex mixer 518 frequency shifts the IF signal to a 

noticeable degradation to the overall performance of the baseband frequency and outputs a complex signal with an 

digital CATV network. More bits decrease the throughput in-phase (I) component and a quadrature-phase (Q) compo-. 

with no significant improvement in performance. nent. A spectral plot 594 illustrates the complex baseband* 

For Nyquist sampling, the sampling frequency Fs is at signal. The anti-aliasing digital filter 520A and the sample 
least twice the highest frequency of a signal. In one 60 rate compressor 522A filter and decimate the I component, 
embodiment, the second IF signal W^t) at the output of the The Q component is similarly filtered and decimated by the 
BPF 504 is between 6 MHz and 12 MHz. The sampling anti-aliasing digital filter 520B and the sample rate corn- 
frequency Fs of the ADC 506 is 25.92 MHz, which is greater pressor 522B. Finally, the interleaver 524 interleaves the 
than twice the highest frequency of the second IF signal decimated I and Q components in preparation for framing 
W t {t). The digital output XJnT] of the ADC 506 is provided 65 into a digital format. 

to the digital mixer 508 to frequency shift the sampled signal FIG. 6 is a block diagram of one of the formatters 408 

to a baseband frequency. used to error-encode and frame a group of digital video 
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channels in one embodiment of the digital headend trans- The digital node transmitter 127 accepts TDM data in a 

mitter 113. The group of N digital video channels are digital format and converts the TDM data into FDM data in 

provided to N respective FEC encoders shown as FEC an analog format. In one embodiment, the digital node 

encoders 606A-606N (collectively the FEC encoders 606). transmitter 127 resides in the node 126. This provides the 

In one embodiment, each FEC encoder 606 includes a 5 optimal signal quality in the digital CATV network- Infor- 

Reed-Solomon encoder 602, an interleaver 604, a random- mation is transmitted through most of the digital CATV 

izer 608, and a trellis encoder 612. The group of individually network, from the headend 106 to the node 126, in a digital 

error-encoded digital video channels is combined in a framer format. Error-monitoring is inherent in the digital CATV 

610. Digital data from the external data networks 114 can be network. Signal quality is high as there is no degradation in 

processed by the formatters 408 in a similar manner. In 1Q error-free digital data. At the same time, placing the digital 

addition to the headend 106, the formatters 408 can reside in node transmitter 127 in the node 126 optimizes the reliabil- 

other POPs 120, 122 to receive and prepare digital data for i ty 0 f the digital CATV network by minimizing the distance 

addition to the downstream transport. information is transmitted in analog format. Finally, placing 

In one embodiment, the digital video channels D^[nT] are the digital node transmitter 127 as close to the homes 131 as 
presented in the form of eight-bit MPEG datastreams. The economically feasible maximizes the number of POPs 118, 
digital bits are provided to the FEC encoders 606. Asimple ^o, 122 in the digital CATV network where services can be 
FEC scheme is to send redundant signal bits. This simple added or dropped with ease. 
FEC scheme is effective but relatively less efficient. More ™, .. , . . .. . 
complex coding has been developed to provide FEC with a . ™? node transmitter 127 receives optical digital 
minimal set of extra bits. In one embodiment, the Reed- ^ *?t 15 transmitted serially through the fiber optic cable 
Solomon encoder 602 is used for the FEC. The Reed- 20 130 ; Thf , optical-to-electncal converter 702 transforms the 
Solomon encoder 602 provides block encoding and corrects °P Ucal ^S^ 1 data to electrical digital data for processing, 
multiple symbols within a block. The interleaver 604 evenly ^ scnal data at thc out P ut of the optical-to- 
disperses the symbols and enables the correction of burst electrical converter 702 is accumulated into parallel bits. In 
noise induced errors. The randomizer 608 provides for even one embodiment, the serial bits are assembled into eight 
distribution of the symbols in a constellation. The trellis 25 P**a\lel bits to recover the eight-bit bytes that were con- 
encoder 612 allows the introduction of redundancy to verted to serial bits by the serializer 410 of the digital 
improve the threshold SNR by increasing the symbol con- headend transmitter 113. The eight -bit bytes are then pro- 
stellation without increasing the symbol rate. Individually vided to the demultiplexer 706 to recover the individual 
encoded digital video channels are combined with other analog video channels and the grouped digital video chan- 
similarly encoded digital video channels in the framer 610. 30 nels that were combined using TDM technology by the 
The combined signal is in a digital format. In one multiplexer 406 of the digital headend transmitter 113. 
embodiment, the digital format is a SONET format with an The individual analog video channels are provided to the 
OC-N bit-rate, where N denotes the number of individual deframer 708. The deframer 708 removes the extra bits 
digital video channels in the combined signal. appended to the raw data for error-monitoring and status 

The FEC encoders 606 largely address transmission errors 35 indication in the digital CATV network. The digital outputs 

from the nodes 126 to the homes 131, where analog and Z£nT] of the deframer 708 are the same as the digital 

digital video channels are frequency-division multiplexed samples produced by the digitizer 402 of the digital headend 

into a broadband signal and sent through the coaxial cables transmitter 113. In one embodiment, the digitizer 402 pro- 

132. The set top box 134 and the cable modem 142 inside the duces an interleaved I and Q output and the deframer 708 

homes 131 perform the FEC decoding. Digital transmission 40 de-interleaves the I and Q components for subsequent prx> 

from the headend 106 to the nodes 126 benefits from a cessing by the converter 710. Tne converter 710 unsamples 

network protocol that automatically monitors errors. the digital outputs of the deframer 708 to recover the analog 

Therefore, the error-encoding process of the digital video format of each analog video channel, 

channels can take place at the nodes 126 without jeopardiz- The groups of digital video channels are provided to the 

ing its functionality. However, encoding at multiple nodes 45 respective deformatters 712 to separate into individual digi- 

126 instead of at the single headend 106 incurs relatively tal video channels, and to prepare the digital video channels 

more cost without significant benefit. for conversion to an analog format. The converter 710 

FIG. 7 is a block diagram of one embodiment of the converts the digital video channels from the digital format to 

digital node transmitter 127. Optical digital data is received the analog format. The converter 710 also combines the 

from the fiber optic cables 130 and transformed to electrical 50 analog video channels and the digital video channels in their 

digital data by an optical-to-electrical converter 702. The analog format into one analog broadband signal S(t) using 

electrical digital data is typically provided to a serial-to- FDM. The format of S(t) is identical to signals that are^ 

parallel converter 704 to allow processing as bytes. The presently transmitted to the homes 131. Therefore, the 

output of the serial-io-parallel converter 704 is provided to digital CATV network can be seamlessly implemented. The 

a demultiplexer 706 to separate digital data that has been 55 existing set top box 134, adapter 138, and cable modem 142 

previously combined by the multiplexer 406. The digital in the homes 131 can still be used, 

outputs of the demultiplexer 706 corresponding to analog FIG. 8 is a block diagram of one embodiment of the 

video channels are provided to a deframer 708. The digital deformatters 712 in the digital node transmitter 127. Data 

outputs of the demultiplexer 706 corresponding to N groups GJnT] in a digital format, representing a group of digital 

of digital video channels are provided to N respective 60 video channels, is provided to a deframer 802. N outputs of 

deformatters shown as deformatters 712A-712N the deframer 802, representing N digital video channels, are 

(collectively the deformatters 712). The digital outputs of provided to N respective modulators shown as modulators 

the deframer 708 and the deformatters 712 are provided to 806A-806N (collectively the modulators 806). The 

a converter 710 to represent the digital signals in an analog deframer 802 ungroups the digital video channels in addition 

format. The output of the converter 710 is an analog 65 to removing extra bits utilized for transport in the digital 

broadband signal S(t) suitable for transmission to the homes CATV network. Digital modulation is introduced by the 

131 via the coaxial cables 132. modulators 806 to prepare the digital data for transmission 
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in the analog format. Digital modulation schemes, including of the nodes 126 or other POP 118, 120, 122. The POP 118, 
amplitude shift keying, phase shift keying and frequency 120, 122 includes a processor 1010, one or more transceiv- 

shift keying, can be used. In one embodiment, quadrature ers 1012, 1014, 1016, a bank of N modems shown as 

amplitude modulation is employed. modems 1002A-1002N (collectively the modems 1002), N 

FIG. 9 (shown as 9A and 9B) is a block diagram of one 5 couplers shown as couplers 1004A-1004N (collectively the 

embodiment of the converter 710 in the digital node trans- couplers 1004). Various sources communicate with the 
mitter 127 of FIG. 7. The digitized data Z£nT] of analog transceivers 1012, 1014, 1016. For example, the headend 

video channels is provided to the converter 710. The digi- 106 communicates with the transceiver 1014, the nodes 126 

tally modulated data Q,{nT] of digital video channels can be communicate with the transceiver 1016, and the external 
similarly provided to the converter 710. The digital data of 10 data networks 114 communicate with the transceiver 1012. 

N analog or digital video channels are provided to N ^ transceivers 1012, 1014, 1016 communicate with the 

respective sample rate expanders shown as sample rate processor 1010. The processor 1010 communicates with the 

expanders 902A-902N (collectively the sample rate expand- modem . s 1002 \ Th ^? ( od 1[ e r ms communicate with 

ers 902) followed by N respective anti-imaging niters shown respecUve couplers 1004 V^deo downstream data 1008 is 

as anti-imaging niters 904A-904N (collectively the anti- 15 bn»«fc«t to the couplcn 10M Tbc couplen 1004 commu- 

■„ • „ fll * anA\ n * » cr -n f kt f( . 15 nicate with N respective locations shown as locations 

imaging filters 904). Outputs FJ>T] from N groups of the 1006A _ 1006N (col f ectively the locations 1006) . 

anti-imaging filters 904 are combined by N respective digital Downstream IP data is received bv the transceivers 1 012 

frequency modulator blocks shown as digital frequency tmzfTmfr K u re ^ ived b y^ e ransce ! vers 

j 1 * 1.1 1 nn*A n^rxT / n 1 j - ■ 1 r 1014, 1016 from the various sources. The transceivers 1012. 

modulator blocks 906A-906N (collectively the digital fre- 1014 m6 forward (he downstream IPdata t0 the ^ 

quency modulator blocks 906). The combined digital signals ^ 1010 Each ket of the rp daU , ^ m 
J,{nT] are provided to N respecUve DACs shown as DACs addrcss indicating its intended destination. The processor 
908A-908N (collectively the DACs 908). The analog sig- i 0 l0 processes the downstream IP data and routes the 
nals K,<t) at the output of the DACs 908 are provided to N downstream IP data to the appropriate modems 1002 accord- 
respective LPFs shown as LPFs 910A-910N (collectively mg to the addresses of the respective packets. The modems 
the LPFs 910). The outputs P/t) of the LPFs 910 are 25 1002 forward the downstream IP data packets to the respec- 
provided to N respective upconverters shown as upconvert- tive couplers 1004 which communicate the information to 
ers 912A-912N (collectively the upconverters 912). The respective locations 1006. Each of the locations 1006 rep- 
outputs Q t {t) of the upconverters 912 are provided to N resents a group of homes 131 serviced by the digital CATV 
respective BPFs shown as BFPs 914A-914N (collectively network. 

the BFPs 914). A combiner 916 uses FDM technology to 30 Upstream IP data from the homes 131 can be provided to 
combine outputs in analog format from the BPFs 914 into the digital CATV network for distribution. In addition to 
one analog broadband signal S(t). combining the video downstream data 1008 with the down- 
In one embodiment, the digital frequency modulator stream IP data from the modems 1002 for transmission to the 
blocks 906 are Inverse Fast Fourier Transform (IFFT) respective locations 1006, the couplers 1004 receive data 
blocks. The IFFT blocks 906 provide a more cost-efficient 35 from the respective locations 1006 and provide the upstream 
converter 710. Each IFFT block 906 combines a group of IP data to the modems 1002. The modems 1002 forward the 
analog or digital video channels in the digital domain using upstream IP data to the processor 1010. The processor 1010 
FDM technology. Fewer DACs 908, LPFs 910, upconverters processes the upstream IP data and routes the IP data packets 
912 and BPFs 914 are required. The sample rate expanders according to respective destination addresses. For example, 
902 and the anti-imaging filters 904 prepare the analog or 40 the processor 1010 routes the IP data packet back to one of 
digital video channels for combination without overlap. In the modems 1002 as downstream IP data when the address 
one embodiment, the digital data of each analog or digital indicates that the destination is one of the homes 131 
video channel is interpolated by an integer factor of K and serviced by that particular POP 118, 120, 122. Alternatively, ; 
passed through the anti-imaging filters 904. A spectral plot the processor 1010 routes the IP data packet to the trans- 
Z£cu] 981 shows that spectral images of the digital data 45 ceiver 1012 when the address indicates that the destination 
repeat at multiples of the sampling frequency Fs. A spectral is one of the external data networks 114. The processor 1010 
plot F,z[u)] 982 of the output of the anti-imaging filters 904 routes the IP data packet to the transceiver 1016 when the 
shows that interpolation by K and anti-image filtering effec- address indicates that the destination is one of the homes 131 
tively change the repetition rate to multiples of K times Fs. serviced by another node 126 that is coupled to the POP 118, 
A spectral plot J ( {co] 983 of the output of the IFFT blocks 906 50 120, 122. Finally, the processor 1010 routes the IP data 
illustrates the FDM of K analog or digital video channels. packet to the transceiver 1014 when the address indicates, 
The upper limit on the number of channels that can be one of the other destinations. The transceivers 1012, 1014, 
frequency-division multiplexed by the IFFT blocks 906 1016 can be a combination of optical transceivers, electrical 
depends on the speed of the DACs 908. The higher speed transceivers or wireless transceivers depending on whether 
DACs 908 allow the IFFT blocks 906 to frequency-division 55 fiber optic cables, coaxial cables or wireless links are used 
multiplex more analog or digital video channels. The LPFs to couple the various sources to the transceivers 1012, 1014, 
910 after the DACs 908 remove unwanted spectral images 1016. 

in the analog outputs of the DACs 908. The upconverters The modems 1002 facilitate the distribution of the IP data 
912 and the BPFs 914 frequency shift the analog signal to a from various sources to the homes 131 and the transmission 
designated frequency carrier. Each group of channels is eo of the IP data between the homes 131 serviced by the digital 
frequency shifted to a different frequency carrier. Multiple CATV network- Both the upstream IP data and the down- 
groups of channels are combined into one FDM signal S(t) stream IP data are processed and routed by the processor 
for broadcast to the homes 131. 1010. By utilizing the bank of modems 1002 and corre- 
FIG. 10 illustrates a method to distribute computer net- sponding couplers 1004, the IP data packets destined for the 
work data (e.g., IP data) in the digital CATV network. 65 different locations 1006 can occupy the same time slot or 
Various sources (e.g., the headend 106, the nodes 126 or the frequency band. The effective bandwidth for the group of 
external data networks 114) communicate the IP data to one locations 1006 is increased. 
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FIG. U illustrates one embodiment of a method to add or 
drop information in a digital format A network element 
1102 receives a first bitstream 1110 for processing. The 
network element 1102 has N ports shown as ports 
1104A-1104N (collectively the ports 1104). Information 
designated to be dropped from the first bitstream U10 can be 
made available at one or more of the ports 1104. Information 
to be added to the first bitstream 1110 is made available to 
one of the ports 1104. The network element 1102 accesses 
the information that is to be dropped or inserted in the first 
bitstream 1110. Information from the first bitstream 1110 
that is not dropped continues through the network element 
without requiring special pass-through units or other signal 
processing. The network element 1102 outputs a second 
bitstream 1112 that contains the information of the first 
bitstream 1110 without the dropped information but includes 
the inserted information. In one embodiment, the network 
element 1102 is a SONET Add/Drop Multiplexer (ADM). 
The ADM can consolidate information from many locations. 

Although described above in connection with particular 
embodiments of the present invention, it should be under- 
stood the descriptions of the embodiments are illustrative of 
the invention and are not intended to be limiting. Various 
modifications and applications may occur to those skilled in 
the art without departing from the true spirit and scope of the 
invention as defined in the appended claims. 

What is claimed is: 

1. A digital cable television network comprising: 
a headend transmitter comprising: 

an analog-to-digital converter configured to receive an 
analog video signal and produce corresponding digi- 
tal values at fixed time intervals; 

a digital mixer configured to receive an output of said 
analog-toniigital converter and frequency shift to a 
desired baseband frequency; 

an anti-aliasing digital filter configured to receive an 
output of said digital mixer; 

a sample rate compressor configured to receive an 
output of said digital filter; 

a framer configured to receive a digital signal from said 
sample rate compressor, said framer configured to 
arrange digital signal to achieve a digital format 
configured to include additional digital bits to facili- 
tate a monitoring of errors and an indication of status 
in a transmission of said digital signal in said digital 
format; and 

a node transmitter located at a node closest to subscribers 
and comprising: 

a deframer configured to recover said digital signal 
embedded in said digital format; 

a sample rate expander configured to receive an output 
of said deframer; 

an anti -imaging filter configured to receive an output of 
said sample rate expander; 

a digital frequency modulator block configured to 
frequency-division multiplex two or more digital 
signals from outputs of respective anti-imaging fil- 
ters; 
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a digital-to-analog converter configured to receive an 
output of said digital frequency modulator block; 

a lowpass filter configured to receive an output of said 
digital-lo-analog converter, said lowpass filter con- 
5 figured to pass a baseband frequency; 

an upconverter configured to receive an output of said 
lowpass filter and frequency shift to a desired trans- 
mit frequency; and 

a transmit bandpass filter configured to receive an 
10 output of said upconverter, said transmit bandpass 

filter configured to pass said desired transmit fre-' 
quency. 

2. The digital cable television network of claim 1 wherein 
15 said digital frequency modulator block comprises an Inverse 

Fast Fourier Transform block. 

3. A digital network system comprising: 
a headend transmitter comprising: 

a forward error-correction encoder configured to 
20 receive a digital video signal; 

a framer configured to receive digital signals from two 
or more forward error-correction encoders, said 
framer configured to arrange said digital signals to" 
achieve a digital format configured to include addi- 
25 tional digital bits to facilitate a monitoring of errors 

and an indication of status in a transmission of said 
digital signal in said digital format; and 

a node transmitter located at a node closest to subscribers 
3 q and comprising: 

a deframer configured to recover said digital signals 

embedded in said digital format; 
a digital modulator configured to receive an output of 
said deframer; 

35 a sample rate expander configured to receive an output 
of said digital modulator; 

an anti-imaging filter configured to receive an output of 
said sample rate expander; 

a digital frequency modulator block configured to 
40 frequency-division multiplex two or more outputs of 

respective anti-imaging filters; 

a digital-to-analog converter configured to receive an 
output of said digital frequency modulator block; 

a lowpass filter configured to receive an output of said 
digital-to-analog converter, said lowpass filter con- 
figured to pass a baseband frequency; 

an upconverter configured to receive an output of said 
lowpass filter and frequency shift to a desired trans- 
5Q mit frequency; and 

a transmit bandpass filter configured to receive an 
output of said upconverter, said transmit bandpass 
filter configured to pass the desired transmit fre- 
quency. 

55 4. Tlie digital cable television network of claim 3 wherein 
said digital frequency modulator block comprises an Inverse 
Fast Fourier Transform block. 

***** 
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